Abstract-We have theoretically analyzed the diffractive characteristics of radiation mode of 45º tilted fiber gratings. The simulated angular dispersion for the 45°TFG with 748nm period at 1550nm is around 0.053°/nm, which is quite close to the experimental result.
I. INTRODUCTION
Tilted fiber gratings (TFGs) are a special type of grating with a pile of blazed structures, which could couple the fiber core mode into the cladding mode or radiation mode. Since G. Meltz firstly reported a TFG based fiber tap in 1990 [1] , the TFGs have been developed over two decades. During this period, massive applications based on TFGs have been proposed, such as in fiber polarimeters, fiber taper, polarization equalizer, polarizer, spectrometer, fiber sensors and mode locking fiber laser system [2, 3] . According to different coupling behavior, the TFGs could be sorted into three types: 1, backward cladding mode coupling; 2, forward cladding mode coupling; 3, radiation mode coupling. 45°-TFG was a radiation mode coupling fiber grating, which were firstly proposed by Westbrook and demonstrated as an in-line polarimeter [4] . Because 45° is the Brewster's angle of fiber grating, Zhou and Zhang et. al have proposed to use 45° TFGs as an in-fiber polarizer in 2005 [5] . So far, the main applications of 45° TFGs have been focused on the all fiber ultrafast laser systems [6] [7] [8] . Recently, researchers from Bern University of Applied Sciences in Switzerland and Kent University in UK have applied the 45° TFGs as an in-fiber diffractive grating in the spectroscopy and imaging system [9, 10] . However, there was no report on detailed analysis about the diffractive characteristics of radiation mode of 45°-TFGs. In the paper, we would theoretically and experimentally analyze the diffraction characteristics of radiation mode of 45º TFGs, including the far field profile of radiation mode, the angular dispersion and the diffractive angle of 45º TFGs.
II. THEORETICALLY ANALYZE
In this paper, we used vector algorithm and phase matching condition to analyse the angular dispersion of radiation mode of 45º TFGs. Fig. 1 . (a) and (b) illustrated the structure and the micro-image of radiation mode of 45°TFGs, in which the structure of TFG has a titled angle θ, and the different wavelength light was taped out of the fiber at the different radiation angle. According to the phase matching condition of 45°-TFGs [6] , the vector relationship between radiation mode, core mode and TFGs could be described in Fig. 2.(a) , where, K is the wave vector of the incident light, which is 2 / nπ λ ( n is the refractive index of the fiber and λ is the wavelength of the light); KG is the wave vector of TFG, which is 2 / π Λ , and it is resolved into two orthogonal direction Kx and Ky; K' is the wave vector of the radiation mode. According to the vector algorithm, the scattering angle of radiation mode inside fiber could be obtained from Equation 1.
Where, β the scattering angle with respect to the fiber axis; θ is the tilt angle of fiber grating. In Eq. 1, β is the scattering angle of radiation mode from the fiber core into cladding. When the light launched into the air, the refraction at the interface between fiber cladding and air should be considered (see in Fig. 2.(b) ). The scattering angle of radiation mode outside the fiber would be rewritten as:
III. SIMULATION AND EXPERIMENT By employing Eq. 2, we have simulated the angular dispersion of 45º TFGs versus the wavelength with four different periods 390nm, 563nm, 637nm and 748nm, which has been shown in Fig. 3 . As it shown in the figure, the angular dispersion is nonlinearly increasing as decreasing the wavelength under the same period, and the larger period is, the higher angular dispersion is. It was also noticed that the angular dispersion was quickly declined at the short wavelength, and slowly declined and trended to the constant at the longer wavelength. For the 45º TFG with 748nm period, the simulated angular dispersion is around 9.189×10 -4 rad/nm at 1550nm, which is around 0.053°/nm. To evaluate the simulated results, we have measured the angular dispersion of a 5mm long 45°TFG with 748nm period. The grating was inscribed by UV inscription technique [6] . The measuring setup was showed in Fig. 4(a) , which was consisted of a tuneable laser source and a beam profile. With the changing of the wavelengths of launched light, the spatial location of the scattering spots also moved. By measuring the drift of the spot, we could figure out the diffractive angular of radiation mode of the 45°TFG, which has been plotted in Fig. 4(b) . The measurement result has shown the angular dispersion is around 0.054°/nm ,which is perfectly agreed with the theoretical result. IV. CONCLUSION We have theoretically analyzed the diffractive characteristics of 45°TFGs based on vector algorithm and phase matching condition. We have figured out the relationship between the scattering angle of radiation mode and the parameters of the gratings and the incident light. The simulated results show that the angular dispersion is nonlinearly decreasing with the increasing of the wavelength under the same period. However, the dispersion is positively correlated with period of gratings. The experimental results show that the angular dispersion of 45º TFG with 748nm period is about 0.054°/nm at 1550nm, which is in perfect agreement with the theoretical result.
